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INTRODUCTION
In the fused salt volatility process for the recovery of uranium from zirconium-matrix fuels, the alloy is dissolved in a fused salt mixture of zirconium fluoride and sodium fluoride and then the uranium is volatilized as the hexafluoride by contacting with fluorine. The simplest concept for the fluorination step is a fluorine sparge in a vessel containing the fused salt. However, because the combination of fused salt and fluorine is corrosive to metals, an alternative means of contacting, i.e., spraying the salt into a fluorine atmosphere, was considered.
Corrosion can be eliminated in the dissolution step by using a graphite vessel as a container for the fused salt. The fuel element is put into solution by reaction with a hydrogen fluoride sparge to form zirconium tetrafluoride and uranium tetrafluoride. In the spray fluorination process for removal of the uranium from the salt., the fluorine reacts with the uraniuna tetrafluoride to form uranium hexafluoride at the surface of the spray droplet. The salt is formed into small drops by a nozzle at the top of a tower filled with fluorine. The uranium hexafluoride diffuses into the gas phase, and more uranium tetrafluoride diffuses to the surface of the drop from within the liquid phase. Operating conditions can be adjusted so that after a sufficient amount of uranium was removed the salt drop would solidify before it contacted the metal at the bottom of the coluran.
During the course of this experimental program, heat transfer from the drops and the controlling mechanism of uranium removal were investigated. Equipment design and development to ensure a process that is operationally feasible were also an important part of the project to be studied. Figure 1 shows schematically the equipment used for the salt spray tests. The salt-melting furnace was constructed from 2-inch nickel pipe and welded to the top of the drop contactor. The spray nozzle was a Spraying Systems Co. j LN3 hollow-cone single-phase nozzle. The nozzle was constructed of Monel. The spray contactor was made of stainless steel and was 30 inches in diameter. The nozzle was 4 feet above the nickel collection pans at the bottona of the vessel. All gasketing was either of copper or of Teflon. The salt-melting furnace and the walls of the vessel were heated by electrical resistance heaters. A thermowell in the salt indicated the salt temperature, and a thermocouple on the wall of the vessel was used to control the wall temperature.
I. APPARATUS AND PROCEDURE
The fluorine was introduced at the top of the vessel and was heated by the walls of the vessel. A nitrogen cylinder pressurized the salt through the spray nozzle. The fluorine and reaction products were evacuated through a line at the bottom of the vessel into a scrub tower.
Two mechftnical methods were used to prevent salt from entering the nozzle before spraying. A nickel stopper rod was inserted from above into the nozzle coupling on the salt side of the nozzle, and a nichrome wire was inserted into the nozzle orifice from the discharge side of the nozzle. Both of these devices were operated through gas seals.
Before the salt was sprayed it was pretreated by a sparge of hydrogen fluoride, hydrogen, and helium, as a purification step. In this series of runs 40 mol per cent zirconium tetrafluoride-60 mol per cent sodium fluoride salt was used. It was supplied by the General Chemical Company and contained less than 2000 ppm metal ina purities other than alkali metals. Major impurities in the salt as received were potassium (about 1 atom per cent) and oxygen (equivalent to about 5 per cent of the zirconium as zirconium dioxide). To prevent oxidation of salt by leakage from the salt furnace into the nozzle during the hydrogen fluoride pretreatment, the vessel was evacuated of air and then filled with nitrogen to 3 psig. Oxidized salt would have a higher melting point and could have plugged the nozzle. The nitrogen was subsequently evacuated, and fluorine was introdticed into the vessel.
For the heat transfer tests a Spraying Systems Comisany full-cone spray nozzle (•|-G3001.4) was used. This nozzle had a 0.026-inch orifice and was constructed of Monel. The salt was sprayed in air and samples were collected in l-y-inch copper cups.
II. HEAT TRANSFER TESTS
Determinations of the heat transfer coefficients between the spray droplets and the gas were made from measurements of the time required for solidification of droplets of various sizes. Solidification time was determined from measurements of the distance traversed by the spray droplets before solidifying, together with the calculated velocity of the droplets A. Velocity of Fused Salt Discharged from Nozzle
Tests were made to determine the volumetric discharge rate and linear velocity of the droplets at the nozzle. In two tests with the solid cone nozzle under 40 psig gas pressure, the salt collected during a measured portion of the spray period was weighed. The volumetric flow rate for the 0.026-inch orifice was 242 ml/min.
For comparison, the discharge rate of tetrabromoethane was measured under the same conditions. The density of tetrabroraoethane is about 10 per cent lower than the 200-lb/cu ft density of the salt. Also, for reference, the theoretical velocity was calculated assuming complete conversion of the gas pressure (40 psig) into salt velocity head (neglecting friction). These results, given in Table 1 , show that the discharge velocity is approximately 40 ft/sec. Three spray tests were made in which droplets at various distances from the nozzle were collected and their sizes measured by observation with a microscope. The salt was heated to 650 C and sprayed into air at 20 C. The results of these tests are presented in Figure 2 , in which the relative frequency of given drop sizes, in per cent, is plotted against drop size in microns for six distances from the nozzle ranging from 1 5 to 40 inches. The nunaber of droplets measured for each distance ranged from 100 to 393.
A substantial portion of the salt had not solidified at each point of collection, as indicated by the fact that not all the material was in the form of discrete droplets. Measurements were made only on the drops collected as spheres. Figure 3 shows the type of solidified salt that was measured. The solidified product jDarticles are nonporous spheres; they have the desirable feature of being free-flowing. Figure 2 shows an increase in the relative number of larger drops with increasing distance from the nozzle, indicating that larger droplets take longer to solidify. For purposes of calculation the largest or critically sized droplet which just solidified before striking the collection cup was taken as the size below which 90 per cent of the particles were found in a given collection. At 15 inches from the nozzle, droplets smaller than 100 microns were solid, while at 40 inches droplets of over 200 microns had solidified. The size 
C. Cooling Time and Heat Transfer Coefficients for Spray Droplets
From the data on solidification obtained in the above spray tests, times for droplets to cool to the freezing point and of the corresponding heat transfer coefficients were calculated as follows:* 1. From the basic law of motion for droplets slowed by air friction, the relation between distance travelled in a given time was found as function of drop size and initial velocity. The determination of distance travelled before solidification as a function of drop size and of initial velocity was described above; this allowed the solidification time to be calculated.
2. Knowledge of the heat capacity of the molten salt and of the latent heat of freezing of the salt allowed the average total heat loss to be determined. From this, the heat transfer coefficients for various drop *Consult the appendices for further details. sizes were calculated. Radiation losses were minor and were neglected. It was assumed that the heat transfer coefficients for both loss of sensible heat down to the melting point and latent heat removal were equal. The solidification time was taken as the sum of the time for these two steps.
The results of these calculations of the heat transfer coefficients are summarized in Table 2 ; values ranged from 72 to 144 Btu/(hr)(sq ft)(F) for the measured conditions. The Nusselt numbers, hD/k, based on droplet diameter, D, and air conductivity, k, comipare favorably with the correlation hD/k = 0.37 (Dvp/^) 0.6 where v is taken as average particle velocity, and o and /i are the density and viscosity of air, respectively. In Figure 4 these heat transfer data are plotted with data frona other workers on the heat transfer of spheres to air. The spray droplet data extend the data range to spheres of smaller size than those used in any previous study. The measure of agreement tends to confirm the general analysis adopted for heat transfer and solidification time in spray fluorination. 
III. RESULTS OF URANIUM REMOVAL TESTS
Measurements were made of the fraction of uranium removed by spraying fused salt containing uranium tetrafluoride into a fluorine atmosphere. Results were correlated in ternas of the teraperature of the fluorine and the drop size. The salt was given a sparge pretreatment before spraying in order to mix the uranium tetrafluoride and to fluorinate oxides. The sparge gas was a mixture of heliuna, hydrogen, and hydrogen fluoride. It was thought that any oxides present might react initially with the fluorine and delay the formulation of uranium hexafluoride from the uranium tetrafluoride.
A. Size Distribution of Salt Spray
Weight fractions of various droplet sizes of the sprayed material from Run 1 are shown at the top of Figure 5 . The sample of material collected was screened with 40, 60, 80, 100, and 200 mesh sieves. A frequency distribution based on microscopic measurements of a sanaple of 100 particles from the unscreened material is also shown for comparison at the top of Figure 5 . Because the weight of the drop is proportional to its diameter cubed, a small number of large drops would constitute a considerable proportion of the weight. Average droplet diameters are given in terms of the specific surface average size on a number basis, SDYSD^, a measure of the ratio of the volume to surface area of the particles. The average diameter for the as-sprayed material was 164 microns.
The particle size distribution of the five screened fractions are also shown in Figure 5 . These distributions are based on microscopic measurements of 100 particles. Average diameters and mesh sizes are indicated. The dotted lines indicate the limits of the screen openings. 
B. Uranium Analysis
These fractions were analysed for uranium to determine the effect of drop size on uranium removal. The per cent of uraniuna removal was determined by an X-ray spectral analysis. The results were based on the ratio of the intensity of the uranium emission line of the naaterial before spraying to the intensity in a sample representative of a particular screene fraction. The results are summarized in Table 3 .
IV. MECHANISM OF URANIUM REMOVAL
The removal of the uranium content from the droplet by fluorination depends on liquid and gas-phase diffusion and on kinetics of the chenaical reaction. The controlling step in uranium removal can be determined from the sizes and properties of the spray droplets and from the time available before solidification. A. Solidification Time As was described previously, calculations of solidification times were made from values of drop sizes, initial velocities, distances traveled before solidification, and operating tenaperatures. It was found that the heat transfer coefficient, h, agreed quite well with a previous correlation.
The amounts of heat involved in sensible and latent heat changes were very nearly equal and, therefore, the times for each of these steps were approximately equal. Although it is possible that freezing the drop might initially form a shell, so that only a fraction of the time is available for diffusion transfer, the effect of supercooling and shrinkage of salt upon freezing would tend to delay the formation of an impervious shell of this sort.
Measurements of the volumetric salt flow obtained for the hollow cone nozzle are sumnaarized in Table 4 . The calculated initial velocity, based on full flow through the orifice, was one-half that of the solid-cone nozzle used for heat transfer tests. In Table 3 are shown the calculated times for solidification of the salt drops of the different diameters and the various experimental fluorine temperatures. Also shown are the predicted uranium removals for the cases in which mass transfer is controlled by gas-film resistance and fused salt diffusion, based on the calculated solidification times. The purpose of these calculations was to indicate a basis for interpretation of the experimental results. From the values shown in Table 3 , it appears that diffusion naass transfer is not controlling, but that kinetics is. In nearly every case the actual uranium removed is but a small fraction of that which would be predicted by mass-transfer mechanisms.
C. Fluorination of High-purity Salt
Two runs were made in which high-purity salt was pretreated with a fluorine sparge to see if salt impurities had an inhibiting effect on the conversion of the uranium tetrafluoride to the hexafluoride. Fluorine is a much stronger fluorinating agent than hydrogen fluoride. The fluorine was sparged at an excess of a bubble per second for a half hour. After the fluorine sparge, uranium tetrafluoride was added to the molten salt and mixed with a helium sparge. A high-purity salt made by the Kawecky Chemical Company with the following composition was used: Operating difficulties were encountered in the attempts to spray fluorinate this salt. Four runs were required before two samples suitable for uranium analysis could be obtained, in contrast with the previous six runs which had been successfully accomplished without any operational difficulties. The main problem was good nozzle operation.. On two occasions the spray did not leave the nozzle straight but sprayed against the wall on one side. This resulted in an insufficient sample for analysis in the collection pans at the bottom of the vessel. This faulty operation naay be due either to wear on the nozzle or to the fact that the melting point of this salt is higher and could more easily cause the nozzle to be partially plugged. There were also several failures of Teflon gaskets during the course of these runs. These failures occurred in part because of overheating of the seal flange by the misdirected salt spray.
In the first fluorine pretreatment run with the high-purity salt, a maximum uranium removal of 29.3 per cent was indicated, which is the sanae maximum value as obtained for the previous hydrogen fluoride pretreated salt at the same temperature. However, unlike the previous runs, the per cent removal was about the same for various drop sizes. The absence of impurities might be used to account for better uranium removal in the larger droplet sizes, but the fact that no fraction showed maximum removal higher than in the previous runs leaves the issue somewhat in doubt as to the overall effect of impurities.
The second fluorine pretreatment run failed to duplicate the first, as can be seen from Table 3 . Also, this run did not produce the usual drop size distribution, but showed a larger fraction of fines and very little of the coarser droplets. This presumably resulted from uneven spraying. Further, a question about the validity of the data for this run is posed by a lack of reproducibility of samples of the unsprayed salt. In every run an initial sample of the salt was taken before spraying to be used as a reference to determine the per cent uranium removaL A sample was also taken of the unsprayed salt left behind in the salt reservoir after the bulk of the salt was sprayed. The reproducibility of these sanaples, expressed as the ratio of the latter to the former, is shown in Table 5 , An exact check would be indicated by a ratio of unity; variations could be due to lack of mixing and/or removal of uranium from the salt in soine manner before spraying and/or error variance in analysis. In order to evaluate the process, a preliminary design of equipment was developed on the basis of the results obtained for renaoval of uranium by spray fluorination.
A, Equipment Lifetime
The recommended material of construction for a spray fluorinator vessel is nickel, which appears from corrosion tests to have the best hightemperature resistance to fluorine (less than 60 mils/year below 600 C), Monel and copper have good resistance to fluorine also. The vessel lifetime would be greatly reduced if molten salt contacted the walls; this can be prevented by proper design and operation. (In the present feasibility tests fluorine temperatures were limited to 200 C because of the use of an available stainless steel vessel; corrosion of this vessel was evident.) Both Teflon and copper gaskets were used in the fluorine tests with satisfactory results. Teflon should, however, not be used in contact with fluorine much above room temperature; severe attack was noted in one case at above 100 C. Copper would be usable with fluorine to a high tem.-perature.
Plugging of the spray nozzle by the fused salt was an initial operational difficulty. This difficulty was overcome by improving the heating of the nozzle and by the technique of using a wire inserted in the nozzle orifice to keep it clear until spraying was desired. The wire was withdrawn through a packing gland. This wire technique is not suitable for operation with radioactive material, where remote operation is required. It is believed that an inaproved nozzle-heating system would take care of this problem. A promising method is electrical autoresistive heating, which is used on fused-salt transfer lines and connections in connection with other fused-salt process studies at ANL, No plugging has been encountered with this system, even when used with water-cooled flanges.
The hollow-cone Monel nozzle used in the spray tests was removed and inspected. It had been used for twenty batch sprayings, half of which were with fluorine. The fluorine gas temperature in the vessel never exceeded 200 C, but the salt sprayed was heated as high as 800 C, The general condition of the outside and inside of the nozzle was good, but the orifice had enlarged from 26 to 32 mils; this amounts to an area increase of about 50 per cent. This situation indicates that fairly frequent nozzle replacement would be necessary,
B. Correlation of Rate Data
The equipiaient design shown here is based on the data fromi those runs with hydrogen fluoride pretreatment, because this case probably simulates more closely the type of salt that would be used in the process, and also the more conservative results would allow for a safety factor in the design.
The first step in the design calculations was to deduce a reasonable method for extrapolating the data to higher uranium removals. The data indicate a strong dependence of uranium removal on drop size and on fluorine temperature. It did not appear possible to form a correlation involving the calculated solidification times and uranium removaL However, a plot of either per cent uranium removal or of In (CQ/C) versus (l/r) ln[(Ti-Tg)/(T2-Tg)] have a set of points which apparently could be approximated by a straight line. These correlations are plotted in Figures 6 and 7, respectively.* Table 6 shows the solution for the data. It is difficult to distinguish empirically at the lower removals whether % U removal or concentration ratios from In (Co/C) would be expected to provide the driving forces in *They were developed by a least-squares method outlined in Appendix 7.
kinetics or diffusion. The concentration ratio is also the more conservative parameter for design purposes, since it involves an asymptotic approach to complete removal of uranium. This difference in parameters is important when extrapolating to higher per cent removal, as indicated in Figures 6  and 7 . Ti_T. Table 6 LEAST-SQUARES ANALYSIS OF DATA Figure 8 gives a comparison of expected removal for a 25-micron radius drop and a 50-micron radius drop. In order to obtain a drop size distribution of 100 microns naaximum diameter, a smaller nozzle and higher pressures would be required than were employed in the present tests. The height of the spray fluorination column was based on a maximum drop radius of 50 microns. The heat transfer coefficient was determined from the terminal velocity of the droplet. The column height was calculated by multiplying the time for solidification by the terminal velocity and allowing two feet for the drop to slow down from its initial velocity at the nozzle to the terminal velocity. The terminal velocity was calculated by using the intermediate law equation (9) 0.153 g°;^^iDj^-i* (p^ -p)°-,0.71 Tables 7 and 8 give a summ.ary of the calculations.
.(-™-^r^)" = -"
Consideration was also given to the diameter of the colunan. From knowledge of the spray pattern and the initial droplet velocity, it is estimated that the droplets would have little horizontal travel. However, to allow for drifting of the spray, it would probably be wise to have a vessel at least 5ft in diameter, based on experience with a 30-inch diameter vessel.
Since from a corrosion viewpoint it is necessary to prevent molten salt from contacting the wall, both the wall temperature and the temperature of the fluorine atmosphere must be less than the melting point of the salt. The length of the tower must be sufficient to allow the drop to fall freely for a long enough time to cool to the solidification point. Where the temperature difference Tj -Tg is small, a longer time is required. These effects are shown in Figure 8 . The column height in the figure is calculated for the case of r = 50 microns; for the case of 25 microns, the equivalent minimum height is about 45 per cent of that shown" From this figure it appears that impractically high towers are required for uranium removal of as high as 95 per cent in a single pass. One method might be to allow four passes, each with a 10-foot tower. The removal in each pass for a drop of 100-micron diameter is 67 per cent. The uranium remaining after four passes is then 0^.= (0.33) CQ = 0.012 CQ, or 1 per cent remaining. The removal is thus 99 per cent. Temperature control to within 5 degrees C of the melting point of the salt is required for each stage, as well as a spray nozzle delivering 100 per cent of the droplets of less than 100-micron diameter.
For such a process to work, adequate means of recycle of fluorine and salt is required also. The fluorine system would require pumps and uranium hexafluoride cold traps. The solid separation and transfer systems would require cyclones and/or filters for each stage. The fact that the solidified droplets are free-flowing spheres promises to make solids handling fairly easy. All of these steps are considered technically feasible.
In the interest of serving as a basis for process comparisons, a conceptual plant schematic diagram is shown in Figure 9 for a two-stage spray unit. Since it would be expected that even a small single nozzle could handle 100 to 200 pounds of salt per hour, the nominal salt capacity of the plant is 200 Ib/hr or 4800 lb/day. If the uranium content of the salt was one wt per cent in uranium the equivalent processing rate for uranium is 20 kg/day. Probably multiple nozzles would be used together with batch handling of salt.
D. Further Development Studies
In order to make more accurate process design, further development work would be required. The following is an outline of suggested points for further study. 2. Investigate different nozzles and effects of higher pressures in an effort to achieve finer sprays.
3. Improve on data of effect of impurities in the salt on uranium removal. It would be interesting to see what effect no salt pretreatment sparge would have on uranium removal.
4. Design and demonstrate a nozzle-heating system so that naechanical stopper plugs would be unnecessary for fully controlled operation. If the nozzle heating system were properly designed, the unheated nozzle could act as a freeze valve.
In other fused-salt process studies, autoresistively heated salt transfer lines have proved very successful. A suggested design of an autoresistively heated nozzle is shown in Figure 10 .
5. Construct and operate a 10-foot spray tower of suitable naaterials to test actual process conditions. 
VI. CONCLUSIONS
A spray-fluorination process for the recovery of uranium as the hexafluoride from fused salt appears technically feasible from preliminary experimental tests. The method would apply to schemes in which the uranium is present in the tetrafluoride in a fused fluoride mixture. The possible advantages of this system for fluorinating fused salt is in avoiding high corrosion rates encountered in the simultaneous exposure of metal to fused salt and fluorine. The disadvantages of the method are (1) the probable requirement of frequent nozzle replacement and (2) the probable requirement of recycling the fluoride salt through as many as four batch stages to get uranium recoveries of better than 99 per cent. It is believed that the complexity of a process requiring this many stages would outweigh the advantages to be gained.
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1.
Heat Transfer An important part in the operation of the spray fluorinator is the control of the tiine for the salt drop to solidify. The solidification of the salt occurs in two steps: removal of the sensible heat from the initial temperature to the melting point and removal of the latent heat at the melting point. Control of the solidification time would depend upon the initial temperature of the salt, temperature of the surroundings, and the physical properties of the salt (such as melting point, heat of fusion, and heat capacity). The heat would be removed by gas convection and radiation. The spraying conditions also determine the solidification time through variation of drop size and velocity.
a.
Removal of Sensible Heat
Let it be assumed that temperature gradients within the drop are negligible (this is demonstrated below). If radiation loss may be assumed to be negligible,
Temperature Gradient within Drop
The temperature gradient within a cooling drop varies with the ratio between the radius r and the coefficient of thermal conductivity k. The Gurney-Lurie chart for thermal diffusion in spheres shows a temperature gradient of practically zero for cases in which the parameter k/rh exceeds 6.'-'-/ Typical values of this parameter for droplets encountered by spraying were of the order of 100, indicating a negligible temperature gradient within the drop.*
2.
Mass Transfer
An estimation of the rate of uraniuna removal is necessary for equipment design. In estimating the rate of removal of uranium it is helpful to determine which mechanism is responsible for the uranium removal. A simplified picture of the mass-transfer mechanism is as follows: (1) uranium tetrafluoride diffuses from within the drop to the surface of the drop; (2) the tetrafluoride reacts with fluorine at the surface of the drop to form the volatile hexafluoride; and (3) finally the uranium hexafluoride diffuses from the drop surface into the gas phase.
For the first step involving liquid diffusion in a spherical drop, the rate equation isi^/ In a process such as this, which involves several mechanisms, in general only one stage is rate controlling. The rate-controlling step is found from experimental results and by calculations with known physical constants. After the rate-controlling mechanism is established, design parameters can be calculated. 
Re 4 D^p
For the boundary conditions:
at t = 0, y = 0 and y = v© These equations relate distance and velocity to time. Since the drag coef ficient is a function of the Reynolds number, a changes with decreasing drop velocity. The equations were, therefore, solved by an incremental method. Table 9 gives an example of the type of calculation made. Figure 11 shows the change of drop velocity with time. 
Calculation of Heat Transfer Coefficients
The heat transfer coefficient from drop to gas was calculated for the two stages of heat removal, i.e., cooling to the melting point and removal of the heat of fusion. For the first stage, cooling from 650 C to the salt melting point (505 C), the following equation applies:
Heat transfer by radiation was assumed to be negligible, thereby greatly simplifying the solution of the equations. Calculations were made in which there was assumed an emissivity of 0.9; an approximately 10 per cent error in the heat transfer coefficient at 100 Btu/(hr)(sq ft)(F) was found. However, it is expected that the emissivity for the fused salt is much lower than 0.9, since the absorption factor for CaF2 and other halogen salts is very low.i^/ This greatly reduces any possible error in neglecting radiation losses.
For the second stage, removal of the heat of fusion at the freezing point, the following equation applies:
It was assumed the heat transfer coefficients for both stages were equal and that the total solidification time, determined by the time for the drop to traverse the distance from the nozzle to the cup, was equal to tj plus tj.
The results are summarized in Table 3 . The calculated heat transfer coefficients ranged from 72 to 144 Btu/(hr)(sq ft)(F). The Nusselt number (hD/k) compared favorably with that predicted from the cor r elation.I-'-/ hD/k = 0.37 (%e)°-^ Figure 5 shows how these heat transfer data compared with a correlation of data by other workers. The fused-salt data extend the range of data to smaller size spheres than used in any previous study.
3.
Demonstration of Negligible Temperature Gradient within the Drop
The overall rate of heat transfer from the drop to the gas is given by the equation Thus the temperature within the drop is nearly uniform.
4.
Calculation of Solidification Tirae 1) Velocity was plotted against time for the spray droplets, using small increments of time from the frictional drag equation:
( g \ -at g y = Vo e + -S-.
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An example of solidification time calculations is shown in Table 10 .
2) The plot of the velocity equation was then graphically integrated to obtain the average velocity between t = 0 and t = t. 3) The heat transfer coefficient was calculated on the basis of the average velocity from the correlation hO/k = 0.37 (Dvp/ju) 0.6 It should be noted that the theoretical minimum value for hO/k, i.e., in a stagnant medium, is 2.0. \ (3600) = 0.037 sec.
The cooling time thus calculated is about 0.04 second for a heat transfer coefficient of 154 Btu/(hr)(sq ft)(F). A check with Table 10 to see if the heat transfer coefficient for average velocity conditions is in agreement with the heat transfer coefficient on which t is based shows that the t-wo heat transfer coefficients are the same.
5.
Calculation of UF^ Removal Rate through Film Resistance
As previously described in Appendix B, the rate equation for the diffusion of UFg through the gas film resistance is: -= K^a (pi -p) .
The partial pressure of uranium in contact with fused NaF-ZrF4 was 250 mm, and the uranium content of the fused salt was 50 ppm.l^j .
At an infinite time,
From a calculation of a on the basis of the terminal velocity to give the smallest possible value of a with an initial velocity of 27.5 ft per sec, it was found that x equals about 0.70 ft. This indicates that the spray would have little horizontal travel. This result was considered in estimating the diameter of the spray tower.
